Fairfax ST, Padilla J, Vianna LC, Holwerda SH, Davis MJ, Fadel PJ. Influence of spontaneously occurring bursts of muscle sympathetic nerve activity on conduit artery diameter. Large increases in muscle sympathetic nerve activity (MSNA) can decrease the diameter of a conduit artery even in the presence of elevated blood pressure, suggesting that MSNA acts to regulate conduit artery tone. Whether this influence can be extrapolated to spontaneously occurring MSNA bursts has not been examined. Therefore, we tested the hypothesis that MSNA bursts decrease conduit artery diameter on a beat-by-beat basis during rest. Conduit artery responses were assessed in the brachial (BA), common femoral (CFA) and popliteal (PA) arteries to account for regional differences in vascular function. In 20 young men, MSNA, mean arterial pressure (MAP), conduit artery diameter, and shear rate (SR) were continuously measured during 20-min periods of supine rest. Spike-triggered averaging was used to characterize beatby-beat changes in each variable for 15 cardiac cycles following all MSNA bursts, and a peak response was calculated. Diameter increased to a similar peak among the BA (ϩ0.14 Ϯ 0.02%), CFA (ϩ0.17 Ϯ 0.03%), and PA (ϩ0.18 Ϯ 0.03%) following MSNA bursts (all P Ͻ 0.05 vs. control). The diameter rise was positively associated with an increase in MAP in relation to increasing amplitude and consecutive numbers of MSNA bursts (P Ͻ 0.05). Such relationships were similar between arteries. SR changes following MSNA bursts were heterogeneous between arteries and did not appear to systematically alter diameter responses. Thus, in contrast to our hypothesis, spontaneously occurring MSNA bursts do not directly influence conduit arteries with local vasoconstriction or changes in shear, but rather induce a systemic pressor response that appears to passively increase conduit artery diameter. muscle sympathetic nerve activity; blood pressure; large artery vasoconstriction
SYMPATHETIC VASOCONSTRICTION is most effective in altering blood flow and blood pressure (BP) by influencing small arteries and arterioles (16, 18) . However, conduit arteries also exhibit sympathetic perivascular nerve innervations (11, 15, 28, 33) , express ␣-adrenergic receptors (11, 29, 33) , and significantly vasoconstrict in response to ␣-adrenergic agonists (3, 40) . Indeed, the majority of evidence (2, 4, 6, 23, 25, 26) suggests that large reflex-mediated increases in muscle sympathetic nerve activity (MSNA) decrease conduit artery diameter, although a few reports indicate only minimal changes (6, 30) . Importantly, sympathoexcitatory maneuvers that evoke substantial elevations in arterial BP also cause a reduction in conduit artery diameter (4, 6, 23, 26) . This indicates that the direct vasoconstrictor effects of MSNA prevail over the passive distending influence of arterial BP during large increases in sympathetic activity and suggests a primary role of MSNA in altering conduit artery diameter. Moreover, reflex-mediated increases in MSNA attenuate brachial artery shear-induced dilation via an ␣-adrenergic mechanism (10), further suggesting that sympathetic activity affects the overall regulation of conduit artery diameter. Together, these data support the view that conduit arteries are influenced by MSNA, but whether such interpretations can be extrapolated to rest and the naturally occurring oscillations in MSNA is unknown. To our knowledge, the potential beat-by-beat influence of spontaneous MSNA on conduit artery diameter has not been explored.
Our laboratory has recently advanced the use of spiketriggered averaging to understand the effects of spontaneously occurring MSNA bursts during rest (7, 8, 36) . Collectively we have determined that MSNA bursts produce robust and dynamic beat-by-beat increases in arterial BP, primarily via decreases in limb vascular conductance through an ␣-adrenergic mechanism. Importantly, these effects were graded to the natural variations in the amount of spontaneous MSNA (i.e., number of consecutive bursts and burst amplitude). Given prior work demonstrating the capacity of large reflex-mediated increases in MSNA to promote decreases in conduit artery diameter, the aim of the present investigation was to examine the influence of spontaneously occurring MSNA bursts on beat-by-beat changes in conduit artery diameter during rest. We reasoned that MSNA may influence conduit artery diameter in three ways: 1) direct contraction of conduit artery smooth muscle, 2) reduction of the dilatory influence of shear stress due to vasoconstriction of downstream resistance vessels and the ensuing decrease in limb blood flow, and 3) elevation of arterial BP to passively distend the conduit artery. We hypothesized that spontaneously occurring MSNA bursts would overcome the passive distension of the artery induced by an increase in arterial BP and result in a decrease in conduit artery diameter. To account for limb differences in ␣-adrenergic sensitivity (13, 24) and endothelial function (20, 34) , conduit artery diameter assessments were made in the arm (brachial artery) and the leg (common femoral and popliteal arteries).
METHODS
Twenty men with a mean age of 25 Ϯ 1 yr, height of 177 Ϯ 1 cm, and weight of 77 Ϯ 1 kg (means Ϯ SE) were recruited for voluntary participation in this study. A portion of these data were generated from previous studies published by our laboratory (7, 8) , applying additional analyses to address the novel hypothesis of this study.
Exclusion criteria included hypertension (resting BP Ͼ 140/90 mmHg), obesity (body mass index Ͼ 30 kg/m 2 ), cigarette smoking, and any known neurological, pulmonary, metabolic, or cardiovascular disease. Each subject provided written consent after being informed of the risks and benefits associated with the investigation. All experimental measurements and study objectives were explained in detail prior to participation. Experimental measurements and protocols were approved by the University of Missouri Health Sciences Review Board and were performed in accordance with the Declaration of Helsinki. On study days, subjects were instructed to report to the laboratory at least 3 h following a meal and to refrain from alcohol and caffeine consumption and strenuous physical activity for 12 h.
Experimental measures. Cardiac cycles were detected using a lead II electrocardiogram (ECG; Quinton Q710, Bothell, WA). Beat-bybeat arterial BP was measured noninvasively with a servo-controlled finger photoplethysmograph (Finometer; Finapres Medical Systems, Amsterdam, Netherlands) placed on the middle finger of the hand. In addition, an automated sphygmomanometer (Welch Allyn, Skaneatles Falls, NY) verified absolute brachial artery BP values. Respiratory movements were monitored using a strain-gauge pneumograph placed in a stable position over the abdomen (Pneumotrace; UFI, Morro Bay, CA). Multiunit postganglionic MSNA was recorded using standard microneurographic techniques, as described in detail previously (23, 35, 42) . Briefly, a unipolar tungsten microelectrode was inserted into muscle fascicles of the peroneal nerve near the fibular head of the left leg. Neural signals were amplified, filtered (bandwidth; 700 -2,000 Hz), rectified, and integrated (0.1 s time constant) to obtain mean voltage neurograms. MSNA recordings were identified by the presence of spontaneously occurring bursts with characteristic pulse synchronicity, responsiveness to an end-expiratory breath hold, and lack of response to arousal or skin stimulation. Resting MSNA burst frequency is demonstrated to be equivalent between contralateral limbs (37) as well as between the arm and leg (27) . Time-averaged values for MSNA were quantified over the 20-min recording period as burst frequency (bursts/min) and burst incidence (bursts/100 cardiac cycles).
Duplex Doppler ultrasonography was performed using a linear array transducer (P5 and Logiq 7, GE Medical Systems, Milwaukee, WI). Conduit arteries were studied in standard locations, with the brachial artery imaged in the distal one-third of the upper arm, the common femoral artery 2-3 cm proximal to the bifurcation into the superficial and deep femoral arteries, and the popliteal artery within or just distal to popliteal fossa. The brachial and common femoral arteries were imaged at 12 MHz, while the popliteal artery was imaged at 4 -10 MHz to optimize image quality at varying vessel depths. Blood velocity was obtained simultaneously with diameter in pulsed-wave mode at an insonation angle of 60°, operating at a linear frequency of 4 -5 MHz. The transducer for each artery was stabilized with a custom-designed clamp and was confirmed by its maintained proximity to markings on the skin.
Experimental protocol. The influence of spontaneously occurring MSNA on arterial hemodynamics and conduit artery diameter was examined in the three most commonly studied human conduit arteries. This was performed to account for known differences in ␣-adrenergic responsiveness (13, 24) and vasodilator responses between limbs (20) as well as differences associated with artery size (34, 41) . The order and ultrasound unit (P5 vs. Logiq 7) used to study each artery was randomized, and in most cases two arteries were measured simultaneously. A total of 19 brachial arteries, 11 common femoral arteries, and 8 popliteal arteries were assessed. For all measurements, subjects were positioned comfortably supine in a quiet, dimly lit, climatecontrolled room (23 Ϯ 1°C). Subjects were instrumented for simultaneous measurements of heart rate, BP, respiration, MSNA, and duplex Doppler ultrasound. Before data collection, signals were acquired for 10 min to verify stability of the MSNA recording. Subsequently, all variables were continuously recorded for 20 min while the subject lay resting quietly and awake.
Data analyses. All experimental measurements were acquired into a custom LabVIEW program interfaced with video output of the Doppler ultrasound machine, as previously described (7, 8, 22, 31) . Briefly, the ECG, BP, and MSNA signals were embedded into an AVI file containing video images output at 30 Hz from the ultrasound machine. Offline edge detection analysis determined the diameter (mm) and weighted mean velocity (cm/s) from the captured video output. Synchronized beat-by-beat data were generated using the integral of each recorded variable between R waves in the ECG. Blood flow (ml/min) was calculated beat-by-beat using the following equation: Vmean··(Dmean/2) 2 ·60 s/min, where Vmean is mean velocity (in cm/s) and Dmean is arterial diameter (in cm). Shear rate (SR) was calculated as 4·Vmean/Dmean to estimate shear stress, as supported by Ade et al. (1) . Stroke volume measurements were estimated from the Finapres BP waveform using Modelflow software, as previously described in detail (5, 7, 8, 36) . These values were aligned with LabVIEW program output via changes in cardiac interval and allowed for the estimation of beat-by-beat total vascular conductance.
Spike-triggered averaging was used to characterize the systematic influence of spontaneously occurring MSNA bursts on beat-by-beat changes in cardiovascular variables, as previously described (7, 8, 36) . Briefly, the percent change in Dmean, MAP, and SR was calculated over the 15 heartbeats following each cardiac cycle containing a MSNA burst. The percent changes following all MSNA bursts during the 20-min period were averaged for each subject and a group mean was determined. The rationale for selecting 15 cardiac cycles originated with the work of Wallin and Nerhed (38) and follows previous work from our laboratory (7, 8, 36) . This 15-heartbeat duration successfully captures the period of dynamic change for each variable. In addition, characterization of the entire 15-heartbeat period beat-bybeat provided a detailed evaluation of the time course and magnitude of the responses, while the peak or nadir of the mean served as an overall estimate of the responses. Percent changes were also averaged following nonbursting cardiac cycles to assess the systematic changes in Dmean, MAP, and SR without the influence of MSNA. Because spontaneous MSNA bursts vary in amplitude and may occur in isolation or in consecutive sequence with other MSNA bursts, we examined the influence of these varying intensities of sympathetic outflow on Dmean and MAP. For this analysis, all MSNA bursts were segregated into clusters of activity according to the sum of amplitudes of consecutive MSNA bursts, as described in detail previously (7, 8) . Briefly, burst clusters were defined as any bursting activity separated on each side by Ն1 cardiac cycle(s) lacking MSNA. The sum of amplitudes for each burst cluster was then ranked and divided equally into quartiles among defined burst patterns according to the number of consecutive bursts, including singlet clusters (1 isolated burst), couplet clusters (two consecutive bursts), triplet clusters (3 consecutive bursts), and quadruplet clusters (Ն4 consecutive bursts). This generated 16 cluster assignments (4 patterns ϫ 4 quartiles). Each MSNA burst cluster was considered as a single event, and therefore, percent changes in Dmean and MAP were calculated following only the first heartbeat of the cluster. The average percent change following each MSNA burst cluster was calculated for each subject, and the group mean was determined. Last, to assess the specificity of responses to MSNA bursts, a white-noise procedure was used wherein randomly selected cardiac cycles were followed for 15 heartbeats to remove any systematic relationship with MSNA occurrence. The number of randomly selected cardiac cycles was matched for each subject's MSNA burst count to keep the number of observations consistent for withinsubject comparisons.
To accurately report small changes in conduit artery diameter, the axial resolution of our ultrasound machines and our LabVIEW analysis system was thoroughly assessed. Using manufacturer-provided values, the theoretical axial resolution of our GE systems were estimated to be 0.139 -0.556 mm according to the equation n/2·cs·ƒ (39) , wherein the number of cycles per ultrasonic pulse (n) is 1.5, the speed of sound in soft tissue (cs) is 1,540 m/s, and the transducer frequencies (ƒ) ranged between 4 and 12 MHz. The spatial limit of captured ultrasound images is represented by the length of each pixel, 0.11-0.15 mm. Our LabVIEW analysis program incorporates ϳ1,500 independent diameter measures in each heartbeat (ϳ50 pixels/frame, 30 frames/s, ϳ1 s/beat), yielding a very small measurement error (SD/͌n) of ϳ0.9 m. As a result of this high precision, arterial BP waveforms within each cardiac cycle were nearly perfectly replicated in conduit artery diameter measurements ( Fig. 1) .
Statistical analyses. Statistical analyses were performed using Sigmastat version 3.0. Comparisons of changes in Dmean, MAP, and SR following all bursts, nonbursts, and white noise was considered using two-way repeated-measures ANOVA to test for differences between cardiac cycles and between categories of MSNA burst occurrence. One-way ANOVA tested for differences in peak changes among burst amplitudes and patterns. The beat-by-beat change in any variable was considered significant when results indicated within-cardiac cycle differences from the corresponding change in white noise control, which was determined using the Student-Newman-Keuls post hoc test. Significance was set at P Ͻ 0.05, and data are expressed as means Ϯ SE.
RESULTS
The average values of individual conduit arteries, systemic cardiovascular measurements, and MSNA are presented in Table 1 .
Effect of spontaneous MSNA on the brachial artery. Beatby-beat changes in brachial artery diameter, MAP, and brachial SR following spontaneously occurring MSNA bursts are shown in Fig. 2 . Following all MSNA bursts, brachial artery diameter increased, reaching a peak of ϩ0.14 Ϯ 0.02% (ϩ5.4 Ϯ 0.1 m; P Ͻ 0.05). MAP also increased with a very similar profile of change, reaching a peak of ϩ3.1 Ϯ 0.4% (ϩ2.7 Ϯ 0.4 mmHg; P Ͻ 0.05). Brachial SR exhibited a biphasic change following all MSNA bursts, wherein SR increased for the first three cardiac cycles (ϩ2.5 Ϯ 0.4%, ϩ4.3 Ϯ 0.8 s Ϫ1 peak; P Ͻ 0.05), and then decreased to a sustained value of Ϫ2.6 Ϯ 0.6% (Ϫ3.5 Ϯ 1.1 s Ϫ1 ; P Ͻ 0.05). Following cardiac cycles without MSNA bursts (i.e., nonbursts), brachial artery diameter and MAP significantly decreased to Ϫ0.05 Ϯ 0.01% and Ϫ1.0 Ϯ 0.1%, respectively (P Ͻ 0.05). No statistically significant changes in SR were observed following nonbursts. Additionally, no changes in any variable were observed following white noise controls.
Effect of spontaneous MSNA on the common femoral artery. Beat-by-beat changes in common femoral artery diameter, MAP, and common femoral artery SR following spontaneously occurring MSNA bursts are shown in Fig. 3 . Similar to the brachial artery, common femoral artery diameter increased following MSNA bursts, reaching a peak of ϩ0.17 Ϯ 0.03% (ϩ15.0 Ϯ 0.2 m; P Ͻ 0.05). MAP also increased, reaching a peak of ϩ3.2 Ϯ 0.5% (ϩ2.8 Ϯ 0.5 mmHg; P Ͻ 0.05). 0.05). Following nonbursts, common femoral artery SR significantly increased, reaching a peak of ϩ2.2 Ϯ 0.5% (0.61 Ϯ 0.14 s Ϫ1 ; P Ͻ 0.05). No changes in any variable were observed following white noise controls.
Effect of spontaneous MSNA on the popliteal artery. Beatby-beat changes in popliteal artery diameter, MAP, and popliteal artery SR following spontaneously occurring MSNA bursts are shown in Fig. 4 . Analogous to the brachial and common femoral artery, popliteal artery diameter increased following MSNA bursts and reached a peak of ϩ0.18 Ϯ 0.03% (ϩ10.1 Ϯ 0.2 m; P Ͻ 0.05). MAP also increased to a peak of ϩ3.5 Ϯ 0.5% (ϩ3.0 Ϯ 0.5 mmHg; P Ͻ 0.05). In contrast to responses observed in the brachial and common femoral arteries, popliteal artery SR increased for the first six heartbeats following all MSNA bursts, reaching a peak of ϩ7.0 Ϯ 1.3% (ϩ1.5 Ϯ 0.2 s Ϫ1 ; P Ͻ 0.05), and then returned to baseline. Following nonbursts, popliteal artery diameter and MAP decreased to Ϫ0.07 Ϯ 0.02% and Ϫ1.2 Ϯ 0.2%, respectively (P Ͻ 0.05), while popliteal artery SR decreased but did not reach statistical significance. As with the brachial and common femoral arteries, no changes in any variable were observed following white noise controls. Effect of MSNA burst clustering on changes in conduit artery diameter and MAP. In each artery, the peak increases in conduit artery diameter were positively related to the total amount of MSNA in each of the 16 burst clusters (Fig. 5) , which also appeared to be associated with the magnitude of the sympathetically mediated systemic pressor response. Indeed, the increase in MAP and conduit artery diameter for each artery was graded with the sum of amplitude of the 16 MSNA burst clusters with no differences observed between arteries. Moreover, all arteries exhibited a strong relationship between the peak increase in MAP and conduit artery diameter in response to the spontaneous MSNA burst clusters (Fig. 6) .
Effect of MSNA burst frequency on changes in conduit artery diameter and MAP. To assess the influence of resting MSNA burst frequency on the main outcome variables in our cohort, subjects were divided into low and high [10 Ϯ 1 (range 3-14) vs. 21 Ϯ 1 (range 16 -25) bursts/min, respectively; P Ͻ 0.001] MSNA groups based on the median burst frequency. The peak change in MAP following MSNA bursts was not different between the low and high MSNA groups (3.33 Ϯ 0.56% vs. 3.46 Ϯ 0.70%, respectively; P ϭ 0.547). Similarly, the peak change in brachial diameter did not differ between groups (0.19 Ϯ 0.03% low vs. 0.13 Ϯ 0.02% high; P ϭ 0.149).
Corresponding analyses were performed for femoral and popliteal arteries, which also demonstrated no influence of resting burst frequency.
DISCUSSION
This study was the first to explore the influence of spontaneously occurring MSNA bursts on conduit artery diameter, and several novel findings emerged. In contrast to our hypothesis, the diameter of conduit arteries increased following MSNA bursts rather than decreased. This effect was consistently observed with parallel pressor responses following MSNA bursts. Indeed, variations in the total amount of preceding MSNA (i.e., burst clusters) were positively associated with the magnitude of the pressor response as well as the subsequent increase in conduit artery diameter in all vessels. In contrast, although significant changes in shear rate followed spontaneously occurring MSNA bursts, these changes were heterogeneous between arteries and did not appear to systematically alter diameter responses. Together, these results suggest that the influence of sympathetic conduit artery smooth muscle contraction and changes in limb shear rate induced by spontaneously occurring MSNA bursts are inadequate to decrease the diameter of conduit arteries during rest. Rather, the increase in systemic pressure following spontaneously occurring MSNA bursts appears to elicit a passive distension of conduit arteries that is consistent among limbs (brachial vs. common femoral artery) and vessels of varying size (common femoral vs. popliteal).
A primary role of sympathetic nerve activity is to bring about vasoconstriction, which increases vascular resistance and blood pressure. All muscular arteries appear to exhibit the necessary machinery (i.e., sympathetic perivascular nerves, ␣-adrenergic receptors, etc.) to participate in sympathetic va-soconstriction (11, 16, 18, 28, 29, 33) . Nevertheless, an overwhelming amount of evidence demonstrates that small arteries and arterioles actively respond to all levels of sympathetic activity, whereas it appears that only large reflex-mediated increases in MSNA and infusion of adrenergic agonists raise conduit artery tone (3, 23, 25, 40) . In a series of studies (7, 8, 36) , we have recently established that spontaneous MSNA bursts are capable of decreasing limb and total vascular conductance and consequently, raising arterial blood pressure. To capitalize on the high resolution of our ultrasound system and the sensitivity of spike-triggered averaging for detecting systematic dynamic changes, we tested whether conduit artery diameter also decreases in response to spontaneously occurring MSNA bursts. In contrast to our hypothesis, we found that all three conduit arteries examined (brachial, common femoral, and popliteal) consistently increased in diameter following MSNA bursts, strongly suggesting that resting MSNA does not decrease conduit artery diameter and that downstream vasoconstriction is insufficient to consistently bring about shearinduced changes in diameter. Rather, increases in systemic blood pressure following MSNA bursts appear to cause an increase in conduit artery diameter.
The observation that spontaneously occurring MSNA bursts induce vasoconstriction of limb resistance arteries (7, 8) , but not of conduit arteries, is intriguing, particularly since conduit arteries can have a greater density of perivascular innervations than skeletal muscle feed arteries (15) . It is possible that a sympathetic vasoconstrictor threshold exists for conduit arteries but not for limb resistance arteries. A number of plausible factors may underlie this discrepancy in sympathetic vascular transduction along the arterial tree. For example, a greater relative number of smooth muscle cells and eNOS protein in larger arteries compared with smaller arteries (14) potentially reduces the amount of norepinephrine available per contractile unit as well as provides a greater dilatory opposition to sympathetic vasoconstriction. Adrenergic receptor density is inversely related with arterial size (33) , possibly reducing the ability of conduit artery smooth muscle to respond to spontaneous sympathetic signals. Notably, all of the aforementioned evidence is derived from animal experiments; thus it is uncertain to what extent these findings apply to humans. Nevertheless, while large and small arteries have the capacity to constrict in response to large increases in MSNA (16, 18, 25, 40) , our current data indicate that spontaneously occurring MSNA bursts during rest are insufficient to cause vasoconstriction in conduit arteries. In contrast, our previous work consistently demonstrated ␣-adrenergic mediated vasoconstriction of limb resistance arteries in response to resting MSNA (7, 8) as indicated by vascular conductance decreases within both the arm and leg. Another potential factor in the modulation of conduit artery diameter in response to spontaneously occurring MSNA bursts is the change in shear stress stimulus. Under resting conditions, removal of the resting shear stimulus by cuff occlusion causes a reduction in conduit artery diameter, demonstrating that shear stress is an important determinant of baseline conduit artery diameter in humans (9, 32) . Because elevated MSNA also reduces conduit artery shear rate, partly through increases in retrograde velocity (23), we hypothesized that a reduction in shear rate following spontaneously occurring MSNA bursts would contribute to reductions in conduit artery diameter. Although shear rate changed in each artery following MSNA bursts, the pattern of change was heterogeneous between arteries and did not appear to consistently influence conduit artery diameter. Indeed, shear rate decreased in the common femoral artery, increased and then decreased in the brachial artery, and robustly increased in the popliteal artery. These findings do not appear to be explained by either limb differences (brachial vs. common femoral) or differences in artery size (common femoral vs. popliteal). Although the reason for this heterogeneity in shear responses remains unclear, these data clearly suggest that changes in shear rate following spontaneous bursts of MSNA are not sufficient to modulate conduit artery diameter.
The most consistent finding from this investigation was the close matching of arterial blood pressure and conduit artery diameter. The systemic pressor effect of spontaneous MSNA bursts has been consistently observed (8, 36, 38) . Recently, we identified that the pressor response is primarily due to decreases in total vascular conductance (36) and the associated decrease in limb vascular conductance (7, 8) . Because the elevation in blood pressure following MSNA bursts was accompanied by remarkably consistent increases in diameter across the conduit arteries examined, our data strongly suggest that changes in conduit artery diameter can be attributed to the distension of the artery produced by the systemic pressor response. Indeed, the increases in blood pressure due to MSNA burst clusters were closely associated with the resulting increases in conduit artery diameter. Additionally, a similar proportional decrease in MAP and conduit artery diameter occurred during periods lacking MSNA (i.e., nonbursts). However, of note, from our data we cannot dismiss the possibility that the observed increases in conduit artery diameter were restrained by sympathetic vasoconstrictor influences and/or sympathetically mediated reductions in the dilatory influence of shear rate, but we can conclude that their influences were inadequate to prevent arterial distension resulting from the rise in systemic pressure. Likewise, it is possible that sympatheti-cally mediated smooth muscle contraction of conduit arteries, unable to decrease diameter, elicited small reductions in arterial compliance, which limited the observed rise in conduit artery diameter. Nevertheless, these findings underscore the importance of spontaneous MSNA in the regulation of resting arterial blood pressure, and suggest that sympathetic reductions in conduit artery diameter may only occur during periods of intense stress wherein MSNA is markedly elevated.
Perspectives. In healthy young men, spontaneously occurring MSNA bursts appear to have a minimal effect to constrict upstream conduit arteries, while the same stimulus efficiently reduces downstream limb vascular conductance (7, 8) . These findings strengthen the primary role for resistance arteries in the sympathetic regulation of blood pressure and potentially in the development of hypertension. Furthermore, combined with previous work demonstrating decreases in conduit artery diameter during marked sympathoexcitation (4, 23, 26), a potential threshold may exist such that the amount of norepinephrine released by spontaneous MSNA is insufficient to constrict conduit arteries. In this regard, in our study of healthy subjects with Յ25 MSNA bursts/min, resting MSNA burst frequency did not influence the diameter or MAP changes following MSNA bursts. However, we speculate that substantially elevated resting MSNA burst frequency, such as observed in aging (12, 19) or heart failure (17, 21) , may supply a neurotransmitter stimulus which overcomes the threshold for smooth muscle contraction in conduit arteries to demonstrate a decrease in compliance relative to healthy subjects, or outright vasoconstriction, depending on the degree of conduit artery smooth muscle contraction. Accordingly, it is possible that spontaneously occurring MSNA bursts may evoke vasoconstriction throughout the arterial tree in pathological overactive sympathetic states, instead of mediating an effect exclusively in resistance arteries as observed in young healthy men. Such concepts warrant future studies.
In summary, contrary to our hypothesis, spontaneously occurring MSNA bursts were followed by an increase, and not a decrease, in conduit artery diameter. Our data suggest that the increase in conduit artery diameter following MSNA bursts is positively associated with the magnitude of the rise in systemic pressure, suggesting the sympathetically mediated pressor response induces distension of large arteries. These findings reveal important functional discrepancies in the responsiveness of conduit arteries to resting vs. evoked MSNA, as well as demonstrate that overt vasoconstriction in response to spontaneous MSNA in humans is conferred in resistance, but not conduit, arteries. 
